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测限达 2.0×10-5 mol L-1，测定的标准偏差为 1.1%（n=6）。实验还运用原子
力显微镜（AFM），透射电镜（TEM），X射线光电子能谱（XPS）等表征
手段对包埋有 Ru(bpy)32+的 ormosils膜进行了表征，结果证实了 Ru(bpy)32+
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Abstract 
 
Electrogenerated chemiluminescence (ECL) is a new kind of detection 
method, which is developed quickly in the recent twenty years. It was widely 
used in biological, pharmic, chemical and environmental applications due to its 
continuance,sensitivity,reproducibility and relative easiness to be automatically 
controlled. In this dissertation, the study was focused on the ECL detection of 
aniline and benzidine, some alkaloids and solid-state ECL detection of cordial 
alkaloids, which shows mighty vitality of ECL as a new fashioned detector. 
This dissertation includes four chapters: 
In chapter I, the developments, mechanics and the research progress of 
solid-state ECL have been introduced. 
In chapter II, the phenomena which aniline and benzidine strongly inhibit 
the ECL of the Ru(bpy)32+-C2O42- system were found, when a potential of 
1.50V(vs Ag/AgCl) was applied at a working glass carbon electrode in pH 6.2 
phosphate buffer. Based on these phenomena, a flow injection procedure with 
inhibited ECL detection has been developed for determination of aniline and 
benzidine. The methods exhibited good reproducibilities and stabilities with 
detection limits of 5.0×10-7mol L-1 for aniline and 2.0×10-7mol L-1 for benzidine, 
The relative standard deviations (n=6) were 3% and 2.5% for determination of 
1.0×10-5mol L-1 aniline and benzidine, respectively. The ECL reaction 
mechanism of the inhibition effects was proposed. 
In chapter III, ECL based on the Ru(bpy)32+ and some alkaloids or amines, 
for instance, sophoridine, matrine, methamphetamine and amphatamine in 
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caused by the eletro-oxidation reaction between amino group on the alkaloid 
compounds and Ru(bpy)32+ in a thin layer flow cell equipped with a glassy 
carbon disc electrode (22.1 mm2) about the potential of +1.00 V (vs. Ag/AgCl). 
The luminescence wavelength of 610 nm confirmed that ECL is caused by 
Ru(bpy)32+* to its ground state. The substituent character, three-dimensional 
conformation, affects ECL intensities of these alkaloids. Ionization potentials 
and angel of C-N-C bond taken from calculation data further confirm the 
experimental results. In this chapter, we describe a new method for HPLC-ECL 
determination of MT, SC, SRI, SR, and the factors influencing the ECL 
intensity and HPLC separation of these alkaloids are discussed. 
In chapter IV, TMOS and DiMe-DiMOS were used as co-precursor to 
immobilize poly(p-styrenesulfonate) (PSS), then Ru(bpy)32+ was successfully 
immobilized on glass carbon electrode via ion-exchange. The immobilized 
Ru(bpy)32+ shows good electrochemistry and photochemistry activities. 
Electrochemical and ECL characterization of the thin film electrodes were 
determined by means of cyclic voltammetry (CV) and chronocoulometry(CC). 
The characters of organic-modified sol-gel films were investigated by atomic 
force microscopy (AFM), scanning electrochemical microscope (SEM), 
tunnelling electrochemical microscope (TEM), X-Ray photoelectron 
spectroscopy (XPS), UV-Vis spectroscopy and fluorescence spectroscopy. XPS 
in-depth profiles revealed a homogeneous distribution of Ru(bpy)32+ inside the 
silica thin layers. The modified electrode was used for the ECL determination of 
methamphetamine (METH) and showed suitable sensitivity. Detection limit was 
2×10-5 mol L-1 for METH (S/N=3) with a linear range from 5×10-5 mol L-1 to 
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long-term stability. 
 
Keywords: ECL, Ru(bpy)32+, aniline, benzidine, alkaloids, HPLC, cordial 
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第一章 前 言 
 











    早在 1914年 Bancroft[1]在用汞和其它电极电解卤化物时就观察到了电





1963 年 Kuwanan 等人[4]首次报道了利用脉冲电压研究铂电极上鲁米诺的
电化学发光动力过程和发光机制。在随后的二十多年中，众多研究者利用
分光方法和电子自旋共振方法以及通过观察磁场对 ECL 的影响，研究了















第一章  前言 
- 2 - 
和团簇，尤其是稠环芳烃以及它们的衍生物，钌、锇、铂、钯和其他过渡
金属配合物，钼和钨团簇等物质的研究上[5]。 





定了 2-苯丙氨酸。美国 Ege[13]在对联吡啶的 ECL进行研究后，于 1984年
提出用电生联吡啶钌的方法作为免疫分析中标记物的可能性。尤其值得一






作为 Ru(bpy)32+ ECL的共反应物被发现，由于 TPrA既能在水介质中也能
在生理介质（pH ~7.4）中与 Ru(bpy)32+反应产生 ECL，这一发现对于
Ru(bpy)32+ ECL 的实际应用产生了深远的影响[21-22]。研究工作者还成功
地建立了微电极和超微电极的 ECL[23-25]，并利用微电极上的 ECL与扫描
探针技术如扫描电化学显微镜（ scanning electrochemical microscopy, 
SECM）联用以对表面成像[26,27]。最近，超微电极上的 ECL还被用作近
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1.2.1 有机自由基离子湮灭 ECL 
多环芳烃类化合物的 ECL机理主要就是有机自由基离子湮灭，最早报




A  －  e-  →  A•+                                电极还原(1) 






A•+ ＋ B• - → 1A* ＋ B                     S-路径自由基湮灭(3) 
或 
A•+ ＋ B• - → 3A* ＋ B                     T-路径自由基湮灭(4) 
3A* ＋ 3A* → 1A* ＋ A                 T-路径三重激发态湮灭(5) 
光发射 
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离子，其 ECL机理如 Scheme 1.1所示。 
鲁米诺 ECL反应已经被用来检测鲁米诺、标记有鲁米诺衍生物的化合
物、过氧化氢及其它过氧化物、能催化鲁米诺 ECL反应的物质（主要是过
渡金属离子，如 Co2+[45,46]、Cu2+[47]、Ni+[48] 、Y3+[49]和 Ag+[50]）、能
抑制鲁米诺 ECL反应的物质（如亚硫酸盐）以及测定一些酶反应产生的过
氧化氢间接检测生化物质。此外，其它的常见 CL反应的 ECL应用还包括：
光泽精 ECL 检测痕量金属离子、TCPO 的 ECL 检测痕量的 O2等[39]。近
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 Scheme 1.1. 鲁米诺的 ECL反应 
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“阴极次键穴电致化学发光”。这方面 Haapakka 和 Kankare 的工作最为突
出。他们观察到在酒石酸 Cu(II)溶液中，能得到铝电极的发光[56]，Cu(II)
的检测下限达到 1.0×10-8 g mL-1。进一步研究表明，除 Cu(II)离子外，Hg(I)、
Hg(II)、Tl(I)和 Ag(I)的存在都能得到发光信号，Cu(II)和 Tl(I)的检测下限达
5×10-9和 10-10 mol L-1[57]，利用氧化物涂抹铝电极可以测定 Dy(III)、Te(III)、
Sm(III)和 La(III)，检测限为 10-12 mol L-1[58]，他们还测定了水杨酸[59]和一
些多环芳烃类化合物[60]。近年来，利用铟锡氧化物（ITO）电极的阴极化
学发光也受到人们的重视。利用锡氧化膜涂抹硅电极在阴极脉冲极化时测






    这类化合物主要是联吡啶类 [M(bpy)32+]化合物如 Ru(bpy)32+、
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作[68-71]。一般认为 Ru(bpy)32+的 ECL是由于激发态的 Ru(bpy)32+*产生所
致，其发光波长为 610 nm[68]。在溶液中 Ru(bpy)32+是稳定的形态，能通过
电化学反应产生其氧化和还原形态：在约+1.1 V（vs Ag/AgCl）出被氧化为
Ru(bpy)33+；在约-1.1 V（vs Ag/AgCl）处被还原成 Ru(bpy)3+。即： 
Ru(bpy)32+  -  e-  → Ru(bpy)33+         氧化 
Ru(bpy)32+  +  e-  → Ru(bpy)3+         还原 
Ru(bpy)33+与 Ru(bpy)3+反应形成激发态的 Ru(bpy)32+*， 
Ru(bpy)33+  + Ru(bpy)3+  → Ru(bpy)32+* + Ru(bpy)32+      电子转移 




成激发态 Ru(bpy)32+*而产生 610 nm 的光辐射。氢氧离子[72]、肼[73]、
N2H4[73]、NaBH4[73]、草酸[74]、脂肪胺[75]、脂环胺[76]、氨基酸[77]、










图 1.1 Ru(bpy)32+的结构图 
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